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im& i j mmx-m. tumim o aj us £M 
n. 

«k -t&mm i ist^^ns. 
w&btm^m i a fctt 2 tasfcosfctsii. 

a. 

[M$>36] frEflfflisS^MgAl 2 0 4 *^^|,Ci 

[ 7 ] ffiemciwtssyifiii^ , fria^iT" 
imm ] mri53te«cSL«^\ mm t . mure 

fcRttfcfute, 38tiSlgJlk#SfcSJBtf***t4*R 
tf)JH«r«Wk, *6&4£fc*1«fc*4IM&Ilifc 
li2f2»<0MI«. 

I W*il 9 ] Mie®^I«^Bg«f * £ i fc * 

t ti. it*3B 8 mm<D%%mm . 

im*m 1 0 ] mmsmmmit , tuia^it" 

[it miii 1 ] mmmimK ftmzmmcoKMffi 
m&vLtv/zmBiNfrteiz b mmb-rm^m 

[ 1 2 ] mmmmtfmfr ^izbm 
mb-tmami nats^^a. 
[ m& 1 3 ] mmmmmm «ra & ; t 
ak**iii*8i lawn 2iatto«3iaat. 

[ m$3 1 4 ] 1&iER3i««tf>E&tt . Ml EfHIWT 
L^fflt^L^*\ *4V*l±**H£i:M«fc1-4l| 

imm 1 5 ] mamma. #yw(Ga)ti 

* ( N ) 'JW(GaN) 

*i f: *«att sa«« 1 m. 1 4ie»«^ga. 

[0001] 


[0002] 

*tfflV^fciP»*l/-ir (LD) *JfcJ|y>f:*--l* (L 

ed) ambtix^i. LDtt. taffl<^-j3t3e**»fe 

[0003]-*. LEDJi. ffiflHWfl. g*fekV* 

S^"COttffl<0?ti6t{i , &m%. LED & . 

[ 0 0 0 4 ] 35*, K«Ut«feLEDA«BKSS*i4fcS 

[0005] ztizmmt&fcfoco— wmmm 

14, LED^^O«0ffiL^*S:fttol.C:fcf* 
S. ^CDfiJfcUT. ^iB^F6-2 9 1368 (H0 1L 
3 3/0 0) ^-Wi. -t7r-YT«±t^'U^A ( G 
a) bmm (N) t^trtWWfU^A (GaN) 
#c/fSrJFML-r^l»LEDgatfc^T. GaNIf^ 

14, -9-7r^T*«c7)Cffl*^^7«±tGaN» 

[0006] L<r>s.o%mmmih^b\,zz.v), m. 

iai<0«fe«BfHH*fflV^Ti8W-*. 07 (a) (4 
^*^ffi^Tffl^*OLED^a?r, *fcHH 
( b ) tt¥3WI«BtlHflffl**Kft <5>*ut L E D^aSr 

[00 07 3IBH1*. 10 1IM, 10 2{4»K10 
l±fc^§n)tnSlGaNJ|MNWMI. 10 3(4nM 
¥^*J1 1 0 2 ±KJE&SS plGa N^^NWMIT 
**. 10 4(4nMGaN^i;#:«10 2c0iJ 

ffl±fc#j£S#UfcnS!ffiMB, 1 0 5{4 P MGaN»* 
^ftJl 1 0 3 ±t?FM § *Ufc P Sfflllfi-C* I. . 
[0008] d iX^(7)mS 1 04. 1 05 ww\mHz 
mffi^EpjD-fl.ClttiD. d«LEDgB{4»f^L. 

nimi 102k pm^mfc 1 0 3bC0m ( P n 
S^#ffl ) 0 tB LH 1 0 3 a t 

aLTJWtK*}(fl**L4* { s ^hSBk^afftSl 0 3c0 
iSf/fWM^I.^t. ItflS^DaiLffil 0 3aSI 
±T*iMB*f** V^lRWtifc*. 
KOft-fdk^'T'^^V\ 

[0009] 07 (a) 1 0 6{4nM^»#: 
* 1 0 2 k p 1 0 3 b omm?%± Ltdt 
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tfflxt u as tm i o s &mm±x-mm i , K&ffiti&o 

TJl^-ri.3Kt"* "3 , Z <n$fC0mi 0 ffi Lffii 1 0 3 a* 
ffltJtt * £ BUM! fc 

[ 0 0 1 0 ] U7 ( a ) fc^LJtl¥*C7)LEDSIBe0« 
-irtii . i oHWft J: 0 m tflflrWBR 0 ffl Lffl 1 0 3 
a KAftf Lfc* 1 0 7 ii, 0 ffi Lffi 1 0 3 a^ffi? 

*t*A#UaK 1 0 8li« 0 tti Lffl 1 0 3 aSSTS 
#3*1. 0 ttl Lffl 1 0 3 a$ffi. 3HR 1 0 1 fc 

¥*ft*10 2i:<0ira s *>l>Wi s iSlOlcoM 
U ¥WfaM 1 0 2. 1 03, £ 
« 1 0 1 K A 0 ftJRSiiT L 4 3 ittotiMPtlX 9 aj-f 

[0011] £*ifc*fU H7 (b) tSLfcJBROffl 
LSI 0 3 a^fl^^Tf 6*&fcJ4. H7 ( a ) |SS 
Lfcft 1 0 8 fc fcffR fc fcgTftffi "3 ffi Lffl 1 0 3 a fc 
I*!*»-9T3WW**10 914, 3KK0a}LffilO3a*« 

Dafl**t*fc»fc, imm 1 o 3 atstti^i 0 9 

OAIWmffiEi^J: 0*<*»3 . JMWaROffl&fc 
hZkktuh. 

[ 0 0 1 2 ] I|J*> , 3KJK "3 as Lffi 1 0 3 aSjffij&«F4ST 

aiWfKoas-fit^^^v^i os£, ^BXoaiL 

Ml 0 3 a«BtlHiatRH-4£i:tJ: DKOas-T-rfc 

i.m^xLED g&ffw&wmL 0 as 

i fc l>tf)t'& 3 . 
[00 13] 

C*HH**»SiiLJ: a fc«iRH3 LfrLfcjJte, G a N 

102, 103 sisaissafcyBK i) as L 

ffiTft § pIG a N^^#:®*ffi 1 0 3 a £x -y f-y 
^•f S*ffiT{4, G a N^¥z£#:OX .y f-V^'jf £#31 

< s urate Jniawe* s . & & ^(4 , x y + v m 
£&%gg^comxmm i LEDMwcDmwf%$M < 1 o 

3a) tC«-5T^A$tLl,/t& > )^^OfgTSrffl<S; 

[00 14] t7r^f Tft^tfDCffl^A>C03j-7* 

SifcGa N^«ft#Jf&8h&j£5-f £ <I fc (C J; "3 . 
^KDajLMl 0 3 a fcDQfli *8TCtt, tSDfl 

fl{4^B B 9 ^*ti >3@^c^$tl.^*\ ilSWLED 

H. ^af^MKR 0 as U^tf-HNcto.tCgi *u "TUB 

[0015] *HHBii N ±atora»*i**^jss*ifct, 

0DT*>3. ^\^«9asfc$*#«<. R-Q. lijffll 
[00 16] 

mxm. uzmm <o as LafcaLtJMSMMf s 


■S:*5mi{rc*-oT. !9iE3BRi3aSLiB±t. #Rft 

mmi hzk mmt ixa *) . msmmm^m 
mutizkmrnkix^i. 

[ 0 0 1 7 ] BulB«SLl^Dflflllffi^»t-|»; 

kmmkix^i, 

1 0 0 1 8 3 *^Hj1(iME^iSLJi«tH]ei^ffl 

v^lli9iB3KftaJH±. luiB« >3 * LiSifcftlJtCiftJt 

oTMEftKDaSLffi±fcffi;i^fd*IMi:, 
* - fc , WEOMH^M g A 1 2 o 4 £ fc 

[0019]$ 4>fc{4. !9IEIHCiW«avai&&«. MIS 

^-fit-rn l, l v ^ * s v ^4A# v t mm 

k L-Ovg,. 

[ 0 0 2 0 ] *Jt. *»HB{i, lulB3fcStS5Ll^\ «R1 
T 0 . frlB®^M* s 'Bg^T'* & i fc Sr . $ t> ttt 

[ 0 0 2 1 3 4fc. *^hj {J , |friB3KtSSUl^. rtSPfc 

#V^fc^#mfctTV^„ 

[0022] JD^T , *«W(±. ttriB^s* 1 . ^'U V 

A (Ga) fcg^ (N) &*tr»fb5ry>>A (GaN) 

n&m&kti:* z fc ^#®t tx^h . 

[0023] 

immm i ] 0 1 uu m commmmmbt GaN 
j(Mmi**> t*s l e D«iBo^»W[2-e&& . 

[00241 B1+, liit7r^f7iS, 2IJIS1 
±{C^$^jfJI3^mOnSGaNji, 3{4nMG 
aN«2±tJgfigSflfcJiffO. 2//m<5D P MGaN 
Jl. 4ttnMGaNl2**Haj-f S «t^fc, plGaN 
M3fr^nWG a.Nm2<7)m$cr>ffife&Mlzm-oXm£ 
ShTifirt nSffMftMflCML 5{4iilB^*fc 

[002 5] ;^T\ nMS.U i 'pMGaNil2S.t>'3^ 

^ n!tWii4 (cSiWAbQEKO ai U56 fc^ 
4. 

[0026] 7ttnMffl!W8eg*«W4±t®«S<ut 
T i S n MiKfi. 8 {i p iHIWm 5 ± 
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[0027] 9 (i3£& D ft Lffi 6 0)«£«fcJBj£3 *ufc 
ZMitim ( S i 0 2 ) *>t=5rS3KfSSL*T* 0 , *^ 

ftO. 3jum<9IH£i£ffi£3rl/tV>*. 

t o o 2 8 ] *mmMfcfo^x\±m±mLM9 
i n mmmm i m p same s sm^xm^ix^i 

3fc»ai9*s i o 2 <7)immfrhmf&.ix^ii)K & 

[0029] «**y^tf>HKa£HI£ei2£JBvvC 

fi-r. 

[ 0 0 3 0 ] 02 ( a ) t*t» 1 -f 

y t -i rm. 1 ±^n(cttftiUE iooomMoc 

VD ffifciO. l/S3^m<7)nM 

GaNJl2, JfJSO. 2/zm«0pMGaNa3Sr;c7))iI 

[003 1] 02(b) tS<t»2lS'Ctt, 7 

tt*pgmtB*JMW5J: LTSLT, C 1 2 (g 
X) *«Hby*i:LTJHVvc, RIBE (KJCtt-f* 
yf-AXyfy^') -at^D. frlBpMGaNi|3i: 
nMGaNl2cO««^2^mSr|^iL, nMffl«W 
JMW4*JWtU «fcvt, pfGaNll 6c0^f-v'J 

[0032] &fc> 02(c) {CSWB3IgT{i, n 
M««B»«««4±{CTi*>iJ,=5rSnSfflWffi7, p 
MfJI«»FMffl^5±tAu fc N i *»6$rS pSWW 

[0033] JEfc, 02(d) t^fH4IS-rii, mT 
ia«3i<55*®^8t®Ji0. 6//mcos i O,*^** 
«»R9 a 

[0034] ^-oa, 02(e) t^»5lSTll. 

/57 -f -t , 7 7ll<0X 7 ftyh SrfflV*^ x 7 
hx -y f-y^-'t i 19 . ^St/'SH^^-tL^-'^O . 3 a 

a«9£ft***. 

[0035] »6ieftt, nMfiij, pim 

«7. 8J^<3flrE3fcfflM90H^ s 7*M7;/ 

•yf-y 9, »vo3^?M:»4Lt, 0 
1 K*tLED«3H(atWlfe*l*. 

[0036] ^mtmm^mmt. iM^le dh 


SEPJlTtftifcfcj:'). nSGaNJ12i:pMGaN* 

3 ( p nm&m) mmxtmasti. 

[0037] ££T±ifi*>J:3fc. 3KiM*9&#£& 

v >a»^«3i3iircJ4 . friB p n *^#iHiSfirc»£ l 

■CA»tfe3fcli, 3fcKDftLB56T^gartgl!*t6l^ 

sli 9 £ 1. cox\ mm^^mrnxm^n x 
m^mx'*Mi-%ii-f(?)%i)K mmx m^m 

•CTMtl i. 0 fc4 0 . *H»*0R "5 Hi 3*.* £ fc i: * 

[ 0 0 3 8 ] & fc. *£fMO%ft$giEtffl|;L & 3K» 
SL19HU S i 0,A»££4<)D?GaNSH3WfcfcJt;L 

x-yf-y^Dx^s^T-S)'?, wammnmrnx 

[0039] JEt. mflEGOflOTfi. GaN¥gftS3 
*HHBTtt4<. 3KKSLl9«HWttftt4WC. Ga 

[0040] ttiz.x^ *mmm<nm%m\&. g a n 

Jf 2 S 3*B#s nSfflL P MtWffi7, 8, St/3feic 

[ 0 0 4 1 ] i)!B3fe!Ml9 fci4««^>JBRi3 
9^1-fl.IHIfl^ ( t, ) SI/'&M ( t 2 ) LED 

a av^mi 9 cogjf m n LT , 

[0042] 
[mi ] 


t| ^/(nf (1-1,2) 

[0043] *m5teB«KfcVvai. A*«0 . 36// 
m. n*U. 45Xh&<7)X\ t tJifflg&X *) 
0. 3u mk%Hi^tit<7)X\ ffiSm&M9ifi&t& 

[0044] tti. ^mmmx^±m&M9\,z, si 
o 2 zm\^iiK m.itimmcr>mwm*m^xi>& 

[ 0 0 4 5 ] JdfrWi, L ED»3I6»»WV»T 

mmuciiK mm^-^m<m<?>mmmzii^x%> 

T*4. 
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[0046] mtmm2 ] m3i±. w.2<»mmmz 
mwmti. 

[00473 lli^SiOtip^imSM 
0 . 3 mcommft £ LfcSfcRS llatW 

. i5/m<oaHRsi ibti9*jS3#n:i$'), 

[0048] »4«3l3ai«-IBtlSS«J|ltlKBHt 
t. 

[0049] ^mwmnftmmnm i ~3xs-c 

li, *IBB!Bl-CiiWLfc-IBSlS<OS51~3XS 
(02 (a)~(c) ) fcR«*>lg£ff3. 
[0 0 50] at, M0l±JLM6±, 

7, SiOjISBMttd 
S^tUtttllO C D ) +fc8tffi#tt 0 . 3 // m» S i 

[0051] msxmxn. ostfxsnaw 

4 5 0 *C IZX 3 0 ^H^-^f y^SrffV i , UWEjSJS+O 

mimmi i a^i^dm LTWt-i>3ftft 
aii izmm-i. 

[00 52] MIIC, *6XS"Ctt, nMfflL pill 
S7, 8JJ5ro«B3HKMIllo-«ft, 7*hUV 

?7 7 -f - 1 7 -y K^WX -yf- -v > hi ffl V >7 x -y h 

[0053] ifmmm^%mi±, $m£W&m 
*&rtm&M 1 1 mt&cox\ mmmmi^mt 

[00 54] GaNJf2, 3 tiDlSMS* ^At 
i i < , #IBfcg«<9^3B»£ffiT£-£.l> £ fc 

[00 5 5]Mfc. GaNl2, 3^®<^lHb^Bjl:<? 

[ o o 5 6 ] ant, ^mmmmiza^xii, sa^ar-? 
t-\ iiafltfD^taiie{is»tfcs. ^tiiiT, una 

£B$Lt2>tMZ7*h U y^57 -f -fcx-yf-y^x 

[ o o 5 7 j fris^ftSLi i i t i inwwm. 


jg i i Moon ( t , ) an ( 1 2 ) l 

[ 0 0 5 8 3 **M«T1iML* 1 1 

fcs i o 2 ^w.mmmmmmm^tztiK si?'.m s k 

J0i.T. JKIfeail la*. Si 

ttmfrhtcm^m^xh&w 

[0059] Kt, ±JfrCJ4, L E DffcJKSSifte'OV vc 

[0060] JfliT, *3&B)§tt. G a N5R¥»MWO 
H4£ b tfX-* I . 

[0061] [M«®3 ] 04 {4, $3a£ffl8!Bfc: 
»l>Ga NaMmWfcfrfcfc* L E D^^a^5t8)T 

2bm tmum-m^n ixwMmtz . 

[00 62 3 E4+, 2 1attSiO,*»4,5ir4»]R 

2 1 b-UIMff 2 1 a+WftttfeiUfe, mm 
m§2 1 a fc t S5Wr4JB*f*t*-f 6«R<0JBW««-C 

rv^*. lt, friai6^«2 1 am/mm®2 1 b 

[ 0 0 6 3 ] idf, *»Sff^^S>^tiiHulBSJ)f« 

mib-mnwbi. ^mmm. 3^ m . ^ 

fc»»Mi2 1 acDSWSr&O . 6 xzmfc L^Of\ Mtfi 
Wk2 1 atSaLfcJgffltfc^T^ 

[0064] m&fBKigsi. ±.®vmmm2<7)-w 
mm<7)m4xmz}sux, zvyz-vz'ftmoz 

bmmzixwmztiz.. 

[0065] mz. 4$mmmmftjt 2 1 1 i D3t 

KDtBLSi)**^±-tl,^*-XA2:ia5 (a) SrfflV^ 
TlltSWi. 

[0066] «MJi2 1 a*«ftti S i 0 2 OJB8f* 
111. 4 5t*0. JS«m2 1 b-J&UfS-tS^-f-V 
; EyF<7)Stff${±lt;2. 5tSi0 2 (7)WJ;^ 
l\ S!-jT, nSGaNJf2tpMGaN13t^ffi 
iSflrCfttLfc3l5«rt» ML* 2 l*^|V^t{i« 
^ft i 0 }«v ^IKTJKK "3 ffi LH 6 fcAW L . iMUfcJR 
9Hit-£i:**?*«rV^*6»» 05 (a) fcSrtiatJB 
«f«tt2 1 b-t'm$^Ojlff*W^i5l.7ta6 

ft. l e d ^ao^K o as Lswaraa i> . 

[0067] Uia®*f«W2 1b-Oftb"9fcA 
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Xi>£<. i^«^rt(i. 05 (b) c^-fiofc. K 
M«2 1 b-OTCJfo&Wt* i b t J: "5 , 5K«5t 

[0068] ULtOJ; 3 fc. *363iaS!f f{43BR OfctiL 
«*l»I±*ftS* s »ic.<I*fflt:. GaNl2, 3(Cjni» 

[0 0 6 9] St. GaNl2, 33ffiffM(Mffi±% 
[0 0 70J sjs^QfejBJBtfcv^Ji. ftgfliJS-s 

1 b"-fctf*-**RSJf2 1 £JFM-f 4«DT\ 
•3ajL«*i6i±Sii*«owitt{iajeF-e»i. iiitJni. 

[ 0 0 7 1 3 W. IfflBHttflJI 2 1 fcj: 4*f-SI5A.oftlX 
JS2 l^mfffiMv«tEttfRU2 1 b-OjSgttf, 

* ttmmm n t*f l t ma^R 1 * £ t # 

"tti*KSL12 1 OffMtS i 0 2 ^«^j£ffli£^$ 

[0 0 7 2] jDiT, 3K»SLJi2 ltfD®#f««2 1 b- 
ts ^^VK^^^iti^i: U:#. -tyrJT 

( A 1 2 0 3 ) S^ffi<0^fr6&48tf t £:fflvvtt»£ 
K fit, f3$r£tt2 1 b-*flW^i*mfc?llMl2 

i a*«ww-i.#fii:oja*f*iat*cs ^mmt i 

[ 0 0 7 3 ] ttc. mm 2 1 acOjtSJi, 
[0074] Jgfc % *«Wt*J»tS»IMI2 1 ali, la 

a L7t® o nsms 7 1 P smss t co@s§£ 4 t 

[00 7 5] SniT, IMX'it. 

[oo76] imtmm4 ] 0 6 12, m4cDmw. : ®miz 


[oo77]H6+, 31 tfmtma&G-thmsL 
mx-h *) , wemsja 3 1 am. 0 as ls 6 ±t 

»j££;fxfcxe*;l/ ( Mg A 1 2 0 4 ) frt>%&&fflm 

0. l/zn^fiSttO. 2Mm««iOfl««3 2- 

k , mm.® 3 2- -*«ai6a4fL« i 0 mam® 3 2 

-fc3tBX0fcHtffl6±^«tffM^^?tMif 0. 3 um 
OS i 0 2 ^&4SJ«J13 3ti 0«JSS*lTV^. 

[ 0 0 7 8 ] mi l e DmMtco-mxmmmz 
mm. 

[0079] *LEDiH<lO!Sl~3njSt k tt. 
S 1 TI^Bfl Lfc-«JiXSi!0S 1 ~ 3 IS ( 0 2 ( a ) 
-(c)) fcBffl^ISSrffd. 

[0 0 80] KJC, m4IST1i. 3feKDaiLffi6±. 

ru\ m6±.n-mzB&ztiKnm®L p«ii 

7. 8comm^®lZ. fft£ffl*9 0 0iC{CT* JBSfcL 
T^-fbJ<« (HC 1 ) tfXi^T/l'S-^A (A 
1 ) , ** (H 4 ) ^/'Xti^Jg^V^^^A (Mg 

ci,), sxtzmsat ( co 2 > tffli^«aiK# 

Tfi, M g A 1 2 0 4 U , SHW^ 0 . 1 ^ 
ffi§*«j0. 2//mOMgAl 2 0 4 *^4^<JD 

[0081] *5nastrtt. HfrlBQ^«3 2- 

6±<0-»fc»flfe$<t7tnMfiJ. P»Jmffi7, 8, H 
*ct±WIB«S8c<oeifK« 3 2- s R9 0 . 3 

4. 

[0 08 2Jftftfc, m6IST"{±. nMfflL pifflt 

^7 . 8 -tucomiKmrn 3 1 co-a5^ . 7 * h u y 

[0083] ifmmm^mmmi, mmizm&zt 
•t&ftmim3 1 *mtz><nx\ mtmmi. 2, av 

3 k [Hat , JWS^OJEBX "5 HJ L»Sr [6j±-f 4 £ t 
T'#4. 

[0 084] GaN|2, 3 tama«S*A1- 
4 £ fc , *«3iaia«l63ia6**ffiTS*& £ t 

[00853Mt, GaNl2, 3^ffi^^'Kji:§ 

[0 0 86] 4fc. Mg A 1 2 

0 4 *»ft4*«fc«)fl««3 2-«rtt6tflMMlti:jR 

«St#4. Ht, £^^«£ifIS3 2"«at, % 


(7) 


#M¥10-16 3 52 5 


ffi 9 * im 6 ± . Igffi 6 KHIHttS 5 n . 

p mime 7.8. Rt/mmmw&M® 32- -vm 

tSSLW3 ltfftfefl***. &KJf 3 3{im^»ti 9 

[ 0 0 8 7 ] fflU filfillflfl^i-ffiltJKtMLTil, §s 
«9KB1A*J:"5WV^ LED%ft§IMS3I^i 

* hi) -f -fcx-yf-y^lg^jg^i: L&vwo 

*. 

[0088]$. mIB3K^SL*3 1 fci SJM»^313R 
0SfiL«*|ftl±»ft*J:0Sf«>4fc»fe:{i, £ttfflflB 
1 , 2 . at; 3 Rttft 1 WfiR*MJB^& ; k ##* L 

I 0 0 8 9 ] t #*»ST1i:fticSJl3 1 Oiffl 
fcOflflMMtifcftlC, MgA l,0 4 tf)*Rj£*£*!lJH 

K MIX. tteOfl(tt3 2-*«3H3 3fcttS i O 
[ 0 0 9 0 ] Ht, -k*tt±, LEDfcjBHBcoirVC 

[0092] 


[0fficom*^l5JBH] 

[HI ] *»HB««1 <3£tt^£ftb*%3E£ifait 
sttSBiH-e**. 

[02 ] ±m i «osatJKiBtffi*>s«50sii«©-«t 
[03 ] *wmm2 nmmMiz&biftmMm 

[07] 3BR0HIUlB(c*JH-**O«*f. 

^-r^aib-f^B#<7) led ^^a<7)^i)fffl0Ts> * . 

2 nMGaNii (H3ftl> 
plGaNf 

fcttSL* 


3 
4 
5 
6 
9 


II] 


[02] 


9 9 



(a) 


(b) 


3-3 4 
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nan 


4 



JP 10-163525 A 


(11) Publication number : 

(43) Date of publication of application 

(21) Application number : 08-320372 

(22) Date of filing : 29.11.1996 


10-163525 
19.06.1998 

(71) Applicant 

(72) Inventor 


: SANYO ELECTRIC CO LTD 
HATA MASAYUKI 
TAKEUCHI KUNIO 


(51)Int.Cl. H01L 33/00 


(54) LIGHT -EMITTING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the light extraction efficiency of a 
light-emitting device which radiates the light emitted from a light-emitting 
layer to the outside and to easily manufacture the element by providing a 
light -scattering layer on the light-extracting surface of the light-emitting 
device . 

SOLUTION: An n-type GaN layer 2, a p-type GaN layer 3, an n-type side- electrode 
forming region 4, and a p-type side-electrode forming region 5 are formed on a 
sapphire substrate 1, and n- and p-type side electrodes 7 and 8 are respectively 
formed on the n- and p-type side-electrode forming regions 4 and 5. The n- and 
p-type GaN layers 2 and 3 become light-emitting layers and the section from the 
region 5 to the region 4 becomes a light-extracting surface 6. A light-scattering 
layer 9, which is composed of silicon dioxide and has an uneven surface, is 
formed into a nearly entire region of the surface 6. Since the uneven surface is 
formed not only on the surface of the GaN layer, but also on the surface of the 
light-scattering layer 9, the machining damages to the GaN layers 2 and 3 can be 
prevented, and the deterioration in the light- emitting efficiency of a 
light-emitting device is prevented. 
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CLAIMS 


[Claim(s) ] 

[Claim 1]A luminescent device which is a luminescent device made to emit light 
generated in a luminous layer to the exterior through an optical extraction side, 
and is characterized by having a light scattering layer on said optical 
extraction side. 

[Claim 2] The luminescent device according to claim 1, wherein said light 
scattering layer has insulation. 

[Claim 3] The luminescent device according to claim 1 or 2, wherein said light 
scattering layer has an irregular surface. 

[Claim 4] The luminescent device according to claim 3, wherein heights of an 
irregular surface of said light scattering layer comprise a part of spherical 
particles. 

[Claim 5] A thin film layer which said light scattering layer covered the surface 
of two or more convex domains provided on said optical extraction side at island 
shape, and a convex domain of this plurality, and it had on said optical 
extraction side, and the luminescent device according to claim 3 characterized by 
a thing, ** and others. 

[Claim 6] The luminescent device according to claim 5, wherein said convex domain 
consists of MgA1204. 

[Claim 7] The luminescent device according to claim 3 to 6 , wherein width and a 
level difference of said unevenness are equal to a value which ** (ed) wavelength 
of light generated in said luminous layer by a square root of a refractive index 
of said light scattering layer or large. 

[Claim 8] The luminescent device comprising according to claim 1 or 2 : 
Said light scattering layer is a thin film layer. 

Two or more refractive regions which were provided into this thin film layer and 

which have a different refractive index from the thin film layer 

concerned. 

[Claim 9] The luminescent device according to claim 8, wherein said refractive 
regions are approximately spherical. 

[Claim 10] The luminescent device according to claim 9 a diameter of said 
refractive regions is equal to a value which **(ed) wavelength of light generated 
in said luminous layer by a square root of a refractive index of said refractive 
regions, or being large. 

[Claim 11] The luminescent device according to claim 1 or 2 , wherein said light 
scattering layer becomes an inside from a thin film layer in which two or more 
reflection regions were established. 

[Claim 12] The luminescent device according to claim 11, wherein said reflection 
region consists of metal . 

[Claim 13] The luminescent device according to claim 11 or 12, wherein said 
reflection region is approximately spherical . 

[Claim 14] The luminescent device according to claim 13 a diameter of said 
reflection region is equal to a value which ** (ed) wavelength of light generated 
in said luminous layer by a square root of a refractive index of said refractive 
regions, or being large. 

[Claim 15] The luminescent device according to claim 1 to 14, wherein said 
luminous layer consists of a gallium nitride (GaN) system semiconductor 
containing gallium (Ga) and nitrogen (N) . 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the luminescent device made to 
emit the light generated in the luminous layer to the exterior through an optical 
extraction side. 

[0002] 

[Description of the Prior Art] A semiconductor laser (LD) and a light emitting 
diode (LED) using the semiconductor as a typical thing of a light emitting device 
are known. Since the light to which the phase was equal is obtained, LD is 
applied as a light source for recording and reproducing devices, such as a light 
source for optical communications, and a compact disk. 

[0003] On the other hand, LED has low power consumption and the feature of being 
long lasting, and is used for the light source for a display, for example, the 
plotting board, an outdoor advertising board, etc. of a station yard. For use on 
a such application top, especially the outdoors, high-intensity LED is required. 

[0004] In recent years, the application to the full color large sized display of 
LED is expected very much from being developed for high- intensity blue LED. 
However, in order to compete with the full color large sized display using the 
existing CRT system etc., high- intensity [ of LED / further ] and low power 
consumption are desired. 

[0005] One technical means for realizing this are raising the optical extraction 
efficiency to the exterior of LED. As this example, in a JP, 6 -291368 , A 

(H01L33/00) item. In the LED device which forms the gallium nitride (GaN) system 
semiconductor layer containing gallium (Ga) and nitrogen (N) on silicon on 
sapphire, The method of forming unevenness in the semiconductor layer surface by 
the side of an optical extraction side is proposed by etching the surface for GaN 
system semiconductor each class after crystal growth, or carrying out crystal 
growth of GaN system semiconductor each class on the OFF board from C side of 
silicon on sapphire. 

[0006] By providing such unevenness explains a mechanism with optical increasing 
extraction efficiency using the type section figure of the LED device shown in 
drawing 7. Drawing 7 (a) shows the LED device with which the conventional LED 
device with a flat semiconductor surface was formed to the figure (b) in the 
rugged surface in the semiconductor surface again, respectively. 

[0007] The n type GaN system semiconductor layer by which 101 were formed in the 
substrate among the figure, and 102 was formed on the substrate 101, and 103 are 
the p type GaN system semiconductor layers formed on the n type semiconductor 
layer 102. The n type lateral electrode in which 104 was formed on the side of 
the n type GaN system semiconductor layer 102, and 105 are the p type lateral 
electrodes formed on the p type GaN system semiconductor layer 103. 

[0008] Although this LED device operates and the light generated near the 
interface (pn junction interface) of the n type semiconductor layer 102 and the 
p-type semiconductor 103 is taken out outside through the optical extraction side 
103a by impressing voltage to the forward direction between these electrodes 104 
and 105, Since the refractive indicees of the exterior and the semiconductor 
layer 103 differ and light refracts or reflects on said optical extraction side 
103a surface, a part of lights cannot be taken out outside. 

[0009]Among drawing 7 (a), the <TXFFR=0001 HE=250 WI=080 LX=0200 LY=0300>light 
generated near the interface of the n type semiconductor layer 102 and the p-type 
semiconductor 103 is refracted on the optical extraction side 103a surface, and 
106 are a light which advances along this surface, and call a critical angle the 
incidence angle of the light to the optical extraction side 103a surface at this 
time. 

[0010] In the case of the conventional LED device shown in drawing 7 (a), the 
light 107 which entered into the optical extraction side 103a at the angle deeper 
than this critical angle is refracted on the optical extraction side 103a 
surface, and is taken out outside. On the optical extraction side 103a surface, 
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the light 108 which entered at the angle shallower than a critical angle on the 
other hand is reflected, and Said optical extraction side 103a surface, the 
interface of the substrate 101 and the semiconductor layer 102, Or the multiple 
echo was carried out with the rear face of the substrate 101, and since it will 
be absorbed by the semiconductor layers 102 and 103 or the substrate 101, it was 
not able to take out outside. 

[0011] On the other hand, when the optical extraction side 103a shown in drawing 7 
(b) has unevenness. Since the optical extraction side 103a has unevenness, as for 
the light 108 shown in drawing 7 (a) , and the light 109 which advances toward the 
optical extraction side 103a at the almost same angle, the incidence angle of the 
light 109 to this surface 103a becomes deeper than said critical angle, and it 
will be taken out outside. 

[0012] That is, the light 108 which cannot be taken out if the optical extraction 
side 103a surface is flat can be taken out by providing unevenness in the optical 
extraction side 103a surface, therefore the optical extraction efficiency to the 
exterior of a LED device can be raised. 

[0013] 

[Problem (s) to be Solved by the Invention] However , in the method of etching the p 
type GaN system semiconductor layer surface 103a which is an optical extraction 
side after crystal growth about GaN system semiconductor each class 102 and 103. 
The etch rate of the GaN system semiconductor was slow, precise processing was 
difficult, or since the processing damage to the crystal by etching was 
introduced over the surface almost all region (103a) of a LED device, SUBJECT of 
** that there was a possibility of causing decline in luminous efficiency 
occurred. 

[0014] In the method of forming unevenness in the optical extraction side 103a by 
carrying out crystal growth of GaN system semiconductor each class on the OFF 
board from C side of silicon on sapphire, although this unevenness is 
automatically formed of crystal growth, The crystal growth of mum order is 
required for the usual LED, and since it is not clear at what kind of time of 
this crystal growth process unevenness is formed, it is difficult to control the 
size. As a result, the optical extraction efficiency to the exterior may fully be 
unable to improve. 

[0015] This invention is accomplished in view of an above-mentioned problem, and 
is a thing. 

Extraction efficiency of the purpose is high and it is providing easily the 
luminescent device which can be manufactured with sufficient 
controllability. 

[0016] 

[Means for Solving the Problem] A luminescent device of this invention is a 
luminescent device made to emit light generated in a luminous layer to the 
exterior through an optical extraction side, is characterized by having a light 
scattering layer on said optical extraction side, and is characterized by said 
light scattering layer having insulation. 

[0017] It is characterized by said light scattering layer having an irregular 
surface . 

[0018]At this time, this invention that heights of an irregular surface of said 
light scattering layer comprised a part of spherical particles or said light 
scattering layer, It is characterized by a thing, ** and others, and said convex 
domain serving as a thin film layer which covered the surface of two or more 
convex domains provided on said optical extraction side at island shape, and a 
convex domain of this plurality, and it had on said optical extraction side from 
MgAl204 . 

[0019] It is characterized by width and a level difference of said unevenness 
being equal to a value which **(ed) wavelength of light generated in said 
luminous layer by a square root of a refractive index of said light scattering 
layer, or being large. 

[0020] Two or more refractive regions where, as for this invention, said light 
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scattering layer has a different refractive index from the thin film layer 
concerned provided into a thin film layer and this thin film layer, It is 
characterized by a thing, ** and others, and is characterized by being equal to a 
value which **(ed) wavelength of light in which a diameter of said refractive 
regions generates further that said refractive regions are approximately 
spherical in said luminous layer by a square root of a refractive index of said 
refractive regions, or being large. 

[0021] It is characterized by this invention consisting of a thin film layer in 
which a reflection region of plurality [ light scattering layer / said / inside ] 
was established. It is characterized by being equal to a value which ** (ed) 
wavelength of light in which a diameter of said reflection region generates 
further that said reflection region is approximately spherical about said 
reflection region consisting of metal in said luminous layer by a square root of 
a refractive index of said refractive regions, or being large. 
[0022] In addition, this invention is characterized by said luminous layer 
consisting of a gallium nitride (GaN) system semiconductor containing gallium 
(Ga) and nitrogen (N) . 
[0023] 

[Embodiment of the Invention] 

[Embodiment 1] Drawing 1 is a type section figure of the LED luminescent device 
which consists of a GaN system semiconductor concerning a 1st embodiment. 

[0024] The n type GaN layer of 3 micrometers of thickness by which one was formed 
in silicon on sapphire among drawing 1, and 2 was formed on the substrate 1, the 
p type GaN layer of 0.2 micrometer of thickness by which 3 was formed on the n 
type GaN layer 2, and 4 so that the n type GaN layer 2 may be exposed, The n type 
lateral electrode formation area which it comes to remove from the p type GaN 
layer 3 in the prescribed position in the layer of the n type GaN layer 2 very 
much, and 5 are p type electrode formation areas simultaneously formed by said 
removal . 

[0025] Here, a n type and the p type GaN layers 2 and 3 correspond to the luminous 
layer of this luminescent device, and the field which reaches the n type 
electrode formation area 4 serves as the optical extraction side 6 from the p 
type lateral electrode formation area 5. 

[0026] The n type lateral electrode which consists of Ti by which 7 was formed on 
the n type lateral electrode formation area 4, and 8 are p type lateral 
electrodes which consist of Au and nickel which were formed on the p type lateral 
electrode formation area 5. 

[0027] 9 is a light scattering layer which consists of a silicon dioxide (Si02) 
formed in the almost all region of the optical extraction side 6, and if it is in 
this embodiment, this light scattering layer has an irregular surface whose width 
and level difference are about 0.3 micrometer, respectively. 

[0028] Since the above-mentioned light scattering layer 9 is formed ranging over 
the n type lateral electrode 7 and the p type lateral electrode 8 if it is in 
this embodiment, in order to prevent the short circuit between these two 
electrodes 7 and 8, constitute the light scattering layer 9 from an insulator 
layer of Si02, but. If it is when forming only on the electrode of one side, it 
is not necessary to constitute the light scattering layer 9 in particular from an 
insulator layer, and what is necessary is just to constitute from material which 
has translucency. 

[0029] One manufacturing process of a **** luminescent device is briefly explained 
using drawing 2. The same portion as drawing 1 attaches the same numerals. 

[0030] first -- the 1st process shown in drawing 2 (a) -- the whole 
silicon-on-sapphire 1 top surface -- the growing temperature of 1000 ** -- MOCVD 

(organic metal gaseous phase deposition) -- crystal growth of the n type GaN 
layer 2 of 3 micrometers of thickness and the p type GaN layer 3 of 0.2 
micrometer of thickness is carried out in this order by law. Here, Si and Mg are 
used for a n type and a p type dopant, respectively. 
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[0031]Next, in the 2nd process shown in drawing 2 (b) , it leaves the field of the 
request on the p type GaN layer 3 as the p type lateral electrode formation area 
5 by photo lithography, using C12 (chlorine) as reactive gas -- RIBE (reactant 
ion beam etching) --by law. In order to remove about 2 micrometers of thickness 
of said p type GaN layer 3 and the n type GaN layer 2, and to form the n type 
lateral electrode formation area 4, then to activate the career of the p type GaN 
layer 16, it heat-treats at 700 ** among a nitrogen gas atmosphere. 

[0032]Next, in the 3rd process shown in drawing 2 (c) , the n type lateral 
electrode 7 which consists of Ti, and the p type lateral electrode 8 which 
consists of Au and nickel on the p type lateral electrode formation area 5 are 
formed with vacuum deposition on the n type lateral electrode formation area 4. 

[0033] In the 4th process shown in drawing 2 (d) , vacuum deposition of the 
insulator layer 9a which consists of Si02 of 0.6 micrometer of thickness 
throughout the surface of said structure is carried out . 

[0034] By then, the wet etching using the photo lithography which used the 
interference exposure method for said insulator layer 9a surface in the 5th 
process shown in drawing 2 (e) , and etchant of a fluoric acid system. When width 
and a level difference form the unevenness which is about 0.3 micrometer, 
respectively, the light scattering layer 9 which has an irregular surface is 
produced . 

[0035] Finally, as for a n type side, in the 6th process, the LED luminescent 
device which removes a part of p type lateral electrode 7 and said light 
scattering layer 9 of 8 upper parts in the contact to an electrode, and shows it 
to drawing 1 by the wet etching which used etchant of photo lithography and a 
fluoric acid system is obtained. 

[0036] Light generates the luminescent device of this embodiment completely like 
the usual LED device near the interface (pn junction interface) of the n type GaN 
layer 2 and the p type GaN layer 3 by impressing voltage to the forward direction 
between said electrodes 7 and 8 . 

[0037]As mentioned above, with the usual luminescent device which does not have 
the light scattering layer 9, since it is reflected in a luminescent device 
internal direction in respect of [ 6 ] optical extraction, the light which 
entered at the angle shallower than a critical angle to the optical extraction 
side 6 among the lights generated near [ said ] the pn junction interface cannot 
be taken out to the exterior here. On the other hand, since the luminescent 
device of this embodiment is provided with the light scattering layer 9 which has 
an irregular surface, in said usual luminescent device, the light which should 
enter at a shallow angle will come to enter at an angle deeper than a critical 
angle, and will be taken out from a critical angle outside. As a result, the 
optical extraction efficiency to the exterior can be improved in this luminescent 
device. 

[0038] Since the light scattering layer 9 with which the luminescent device of 
this embodiment is provided consists of Si02, as compared with a GaN system 
semiconductor, etching processing is easy for it and it can form an irregular 
surface with sufficient controllability in a short time. Therefore, the 
luminescent device provided with the light scattering layer 9 which has the 
irregular surface which was excellent in dimensional accuracy by this invention 
can be manufactured easily. 

[0039] Since said irregular surface is formed in the light scattering layer 9 
surface instead of the surface of GaN semiconductor layer 3, processing damage is 
not introduced into GaN layers 2 and 3, therefore the luminous efficiency of this 
luminescent device does not fall. 

[0040] In addition, the luminescent device of this embodiment can prevent the 
oxidation to which they are based on the atmosphere being used since GaN layer 2 
and the 3 surface are thoroughly covered with the p type lateral electrodes 7 and 
8 and the light scattering layer 9 as for the n type side, and the effect that 
the characteristic of a luminescent device is stabilized is also acquired. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is a type section figure of the luminescent device concerning a 1st 
embodiment of this invention. 

[Drawing 2] It is a type section figure classified by process showing one 
manufacturing process of the luminescent device concerning a 1st embodiment of 
the above . 

[Drawing 3] It is a type section figure of the luminescent device concerning a 2nd 
embodiment of this invention. 

[Drawing 4] It is a type section figure of the luminescent device concerning a 3rd 
embodiment of this invention. 

[Drawing 5] It is a type section figure of the luminescent device for explaining a 
mechanism with optical extraction efficiency increasing in a 3rd embodiment of 
this invention. 

[Drawing 6] It is a type section figure of the luminescent device concerning a 4th 
embodiment of this invention. 

[Drawing 7] It is a type section figure of the LED luminescent device at the time 
of the optical refraction in an optical extraction side, and the device 
operations which show a reflective situation. 
[Description of Notations] 

2 N type GaN layer (luminous layer) 

3 P type GaN layer (luminous layer) 

4 N type lateral electrode formation area 

5 P type lateral electrode formation area 

6 Optical extraction side 
9 Light scattering layer 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 5] 



